Probing electrostatic channeling in protozoal bifunctional thymidylate synthase-dihydrofolate reductase using site-directed mutagenesis.
In this study we used site-directed mutagenesis to test the hypothesis that substrate channeling in the bifunctional thymidylate synthase-dihydrofolate reductase enzyme from Leishmania major occurs via electrostatic interactions between the negatively charged dihydrofolate produced at thymidylate synthase and a series of lysine and arginine residues on the surface of the protein. Accordingly, 12 charge reversal or charge neutralization mutants were made, with up to 6 putative channel residues changed at once. The mutants were assessed for impaired channeling using two criteria: a lag in product formation at dihydrofolate reductase and an increase in dihydrofolate accumulation. Surprisingly, none of the mutations produced changes consistent with impaired channeling, so our findings do not support the electrostatic channeling hypothesis. Burst experiments confirmed that the mutants also did not interfere with intermediate formation at thymidylate synthase. One mutant, K282E/R283E, was found to be thymidylate synthase-dead because of an impaired ability to form the covalent enzyme-methylene tetrahydrofolate-deoxyuridate complex prerequisite for chemical catalysis.